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Executive summary
Ensuring that Texas is sustainable in the 21st century depends in large part on smart management of the state's water resources. A central element of that challenge is improving the efficiency of water use in the rapidly growing urban areas of the state. More efficient water use technologies, more sophisticated understanding of water pricing and the ability to more carefully measure water use at both the individual and municipal level provide new opportunities to reach advanced levels of water use efficiency.
Water supply planning is constantly evolving and forces such as population growth and climate change are making it more difficult. Texas leaders have increasingly recognized that municipal water conservation is an important part of planning to meet future needs. In recent years, lawmakers have strengthened municipal water conservation planning requirements. Cities large and small are beginning to implement these requirements, some with more enthusiasm and foresight than others. This report's evaluation of 18 municipal water conservation plans demonstrates that the quality and scope of these of plans vary significantly. A few of the plansand their early results-represent some of the most progressive municipal water conservation efforts in the country. Others-in fact, the majority of plans reviewedlack aggressive conservation targets or fail to incorporate the full range of price and nonprice conservation measures and technologies readily available.
This report highlights both the good and the "not-so-great" in a broad sampling of current municipal conservation plans. It is our hope that this discussion will foster a more widespread appraisal of how state agencies and cities can improve water conservation planning and achieve the kind of major efficiency gains necessary to meet municipal water needs while still providing healthy rivers and streams for current and future generations.
Water supply planning is constantly evolving and forces such as population growth and climate change are making it more difficult .
Introduction The 2005-2006 drought is fresh in the memory of Texas water planners.
Fort Worth metroplex and the Hill Country. The plan posits that a number of areas might face shortages by 2060 during severe drought under this kind of demand scenario, if new supplies are not developed.
However, these dire predictions are based on a general assumption that current water use patterns will continue well into the future. They do not reflect an effort to fully incorporate the advanced water conservation potential achievable with existing and new technologies, nor do they reflect a full application of tools such as more aggressive conservation pricing.
Although consideration of conservation as a supply strategy in the state water plan has increased since the 2002 state plan, significant conservation potential remains untapped. The 2007 state plan proposes 612,000 acre-feet per year of municipal water conservation by 2060. However, the plan overlooks at least an additional one million acre-feet per year of potential savings-achievable if cities would reduce their per-person water use to 140 gpcd by 2060. Such a goal has already been achieved by several Texas cities, including San Antonio and El Paso. 7 The relative underestimation of water conservation potential in the municipal water use sector in the 2007 State Water Plan is further demonstrated by the fact that the anticipated 600,000 acre-feet per year of water savings represents only about 7.5% of the total projected eight million acre-feet per year of municipal water demands in 2060.
Conservation in the municipal sector is also taking on added importance as population growth increases the share of urban water use in the state. As the state has urbanized, changing demographics have resulted in a shift from agricultural to municipal water use ( Figure 1 ). In 1974, agricultural irrigation accounted for more than 75% of the water used in the state. By 2004, irrigation accounted for less than 60% of total water use, and municipal use had grown from 11% to nearly 25% of the total water used in Texas. 8 Municipal use is predicted to grow to 40% of the total water use by 2060.
Irrigation 55%
Livestock 2%
Municipal 27%
Manufacturing 11%
Steam electric 3%
Mining 2%
Source: tWdb.
Figure 1 2005 Texas water use survey summary
Other noteworthy trends in Texas' water use patterns can be identified (see Figure 2 ). Between the 1950s and late 1970s, the statewide average per capita municipal use rose from around 100 gallons per day to 182 gallons per day. That rate declined in the 1980s and leveled off at around 158 gallons per capita per day in the mid-1990s. It reached 191 gallons per capita per day in 2001, in part as a result of dry weather patterns. 9 The 2005 average of usage in Texas cities was 172 gpcd. The remainder of this report examines the broad range of water conservation strategies available to municipalities (Chapter 2); the legal framework in Texas for water conservation (Chapter 3); and how various Texas cities are, or are not, effectively implementing water conservation measures (Chapter 4). Chapter 5 offers recommendations for achieving advanced municipal water conservation and efficiency.
Urban water use accounts for an increasing share of total water use in Texas . 
Figure 2 Historic Texas water use
Water supply planners in arid environments are increasingly dependent on conservation as an important component of a diversified water supply. Conservation becomes particularly vital during peak summer months when water consumption can increase by up to 50% because of outdoor watering. Conservation has even become a strategy in water-rich areas because of the high costs of water treatment and supply. 10 Reducing the amount of water that must be pumped and treated reduces both capital construction and operational costs for water suppliers. These "avoided costs" are becoming increasingly more significant as the cost of construction materials and energy increases.
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Reducing per capita demand, even during population growth, allows for more equitable allocation of water for other purposes, effectively extending the available supply. Conservation can also have environmental benefits, allowing water to remain instream for fish, wildlife and water quality benefits and avoiding the need for new dams or large-scale groundwater extraction. Using less water saves the consumer money by reducing monthly bills for water, sewer and energy. Water conservation strategies usually fall into one of two categories: price and nonprice. Pricing programs involve rate structures that provide incentives to reduce use. Pricing programs are cost effective and relatively straightforward for a municipality to implement. This approach also provides consumers the choice of how they are going to use their water, as opposed to setting mandatory water use restrictions. These programs can also stabilize or increase revenues for municipal water systems without increasing water use. Increased revenues can, in turn, be used for various programs, including funding nonprice conservation measures.
Nonprice measures include leak detection programs; plumbing fixture retrofits (toilets, showerheads, faucet aerators); audits of household and industrial water use; landscaping audit and incentive programs; and public education. These approaches can be implemented through an entirely voluntary structure or they can be supported with rebate and incentive programs. Similar measures can also be mandated by the city through municipal ordinances or an alternative enforceable structure. Studies show that in most cases, mandatory restrictions on certain uses, such as outdoor watering, are considerably more effective than voluntary efforts. 12 Similarly, incentive programs greatly increase participation over voluntary programs.
ChApter 2
The benefits of and strategies for maximizing water use efficiency Each efficiency approach or combination of approaches has a different cost-benefit ratio associated with it. San Antonio found that spending an average of $1/person on conservation programs saved $4-7/person. 13 15 The price of newly developed supply can increase dramatically with increases in energy and construction prices.
The Houston Department of Public Works and Engineering, which provides water directly to more than a half-million people and sells wholesale water to an additional 16 communities, has also had conservation success. Houston implemented water conservation measures in response to legal requirements and increasing threats of subsidence and saltwater intrusion because of overpumping of groundwater. As part of the plan, a pilot program to retrofit a 60-unit housing development dropped average monthly water and wastewater bills from $8,644 to $1,810 per month and inspired the city to invest more money to retrofit additional housing units. 16 In addition, conservation kits were distributed to users that resulted in an average water savings of 18% per household. Together, the projects were predicted to produce a total drop in water demand of 17.2% by 2006.
Some programs are more cost effective than others. Outreach and education programs are less effective alone, but appear to be more effective if a "critical mass" of nonprice programs are implemented at the same time. Retrofitting toilets saves water at a cost of about $150-200 per acre-foot. A water-efficient toilet has been Toilets account for more than 30% of indoor water use .
Industrial water use
Water use in the industrial and manufacturing sectors has been relatively consistent over the past 30 years. in 1974, it accounted for just under 1.6 million acre-feet of water. that number has fluctuated downward on occasion (as low as 1.37 million acre-feet in 2000); however, by 2004, it was at 1.53 million acrefeet. Likewise, as a percentage of total water used in the state, industrial and manufacturing sector use has reliably fluctuated between 8.4 and 10.8% during the past 30 years. in 2004 it was 9.9% of the total water used. 19 the 2007 state plan projects that water use in the manufacturing sector will intensify in the next few decades, growing to 2.58 million acre-feet by 2060. it also projects that water use for steam-electric power generation will increase from 561,394 acre-feet/ year in 2000 to 1.53 million acre-feet/year over the same time period.
shown to save 12 gpcd. The low cost of replacement, evaluated in conjunction with the fact that toilets account for 32% of residential indoor usage, makes toilet replacement a cost-effective measure. 17 Low-flow showerheads, which cost as little as $15, can save as much as 500 gallons per week per family. Rebates for energy-efficient appliances can also produce cost savings. San Antonio estimated that its initial rebate program for water-efficient washing machines saved 271 acre-feet of water at $600 per acre-foot.
Because a large amount of municipal water is used for lawn watering, particularly in peak summer season, some cities have created incentive programs to replace traditional lawns with more climate-appropriate, drought-resistant plants. San Antonio offered homeowners a rebate of $0.10 per square foot of installed, approved waterwise landscape. In 2001, the program saved an estimated 314 acre-feet at a cost of $235 per acre-foot. Large, landscaped industrial users can also benefit from these types of programs.
In addition to residential programs, there is significant conservation potential in the industrial and commercial sectors. Although often viewed differently by utilities, these sectors sometimes constitute a large percentage of overall city consumption and should not be overlooked in a conservation plan. 18 The biggest opportunities for savings are water efficiency and water reclamation. Technological advancements can save water for on-site reuse in the same process, like cooling towers, or water can be recovered and used in alternative on-site applications, such as irrigation. Houston launched a pilot program to audit cooling towers to save 375 million gallons annually. The city estimated that for every $1 spent on the project, approximately $18.60 would be saved in reduced water and wastewater costs. In addition, point-of-use reductions, such as fixtures retrofits similar to those seen in the residential sector, can be promoted for commercial establishments. By first examining the way water is used in commercial and industrial settings, plans can be made to expand reductions. The more a city reduces water used by existing businesses, the more room there is for growth without the need for new supply.
re-use v . maximizing efficiency the texas Water Code definition of water conservation includes the concept of "reuse." reuse generally refers to using highly treated wastewater from a municipal or industrial treatment system for another purpose, such as landscape irrigation or in cooling towers, instead of returning it to the stream. the state's Water Conservation implementation task Force recommendations also allow giving credit for reuse [to be included] in the calculation of municipal per capita use. that is, treated wastewater used for another purpose does not have to be included as additional water use in the gallons per day per capita calculation. if the amount of water demand supplied via reuse is significant, that can lower reported per capita municipal consumption, but it does not actually mean that less water is being used. under the right circumstances, reuse is an appropriate water management option, but it does not increase the actual efficiency of water use. it reduces the amount of freshwater withdrawn from a stream or aquifer to meet water demands but also reduces the amount returned to the stream. this report focuses on water efficiency measures other than reuse.
Texas water law has for some time included provisions related to water conservation, especially municipal water use. These statutory requirements have been expanded over the last few years, to cover a broad range of water suppliers and water rights permit applications. In general, however, the provisions focus more on the preparation of "conservation plans" rather than on substantive criteria by which the quality of those plans can be reviewed and improved.
Conservation is broadly defined in Texas law to mean "those practices, techniques and technologies that reduce the consumption of water, reduce the loss or waste of water, improve the efficiency in the use of water, or increase the recycling and reuse of water so that a water supply is made available for future or alternative uses." 20 Water conservation plan requirements first appeared in Texas law in the 1985 House Bill 2 (HB 2). 21 In permissive language, the bill stated "[T]he Texas Water Commission 22 could . . . require applicants for water-use permits to submit conservation plans." In order to obtain a permit, an applicant was required to show that waste would be avoided and water would be conserved with "reasonable diligence." Although requiring conservation plans was only suggested by the Legislature, it was an important first step in tying water conservation planning to surface water right permit applications.
The 1985 law also authorized $800 million to the Texas Water Development Board (TWDB) for a "Water Loan Assistance Fund" for various types of enumerated projects, including water conservation. The law defined water conservation as both developing supply and reducing consumption. Recipients of funding are required to "adopt or have already implemented a water-conservation program approved by the TWDB." Several sample conservation measures were listed, including alternate-day lawn watering, education and rate structures.
HB 2 was followed in 1997 by the omnibus Senate Bill 1. 23 This legislation amended Section 11.1271 of the water code and shifted the submission of a water conservation plan from a permissive to a mandatory requirement for any applicant requesting a new or amended surface water right. In addition, all existing surface water permit holders of 1,000 acre-feet or more for municipal, industrial or other uses, and irrigation permits of 10,000 acre-feet a year or more were required to develop, submit, and implement water conservation plans. These plans must be consistent with regional water plans and include "reasonable water conservation measures."
24 A further change in 2003 required the plans to be submitted by May 1, 2005 and to include quantified five-year and 10-year water savings targets. 25 These targets must include goals to reduce water system losses and target municipal per capita use rates. The bill also required the TWDB and the Texas Commission on Environmental Quality (TCEQ) to establish target per capita goals and develop
ChApter 3
Legal requirements for water planning in Texas model water conservation programs to assist water suppliers in achieving the "highest practicable levels of water conservation and efficiency."
Senate Bill 1 also required the preparation of drought contingency plans by wholesale and retail public water suppliers and irrigation districts holding existing water rights. These plans are to be "consistent with the approved regional water plan and designed to reduce water use during times of water shortage and drought." 26 Before granting an application for a new and amended surface water right, TCEQ is required to ensure that the applicant will use "reasonable diligence" to "avoid waste and achieve water conservation." 27 Like the plans for existing water rights, the water conservation plans to be submitted with permit applications must "include specific, quantified five-year and 10-year targets for water savings . . . Targets must include goals for water loss programs and goals for municipal use in gallons per capita per day." 28 In rules implementing this section of the law, TCEQ provides that the plan shall be considered in determining "whether any practicable alternative to the requested appropriation exists, whether the requested amount of appropriation . . . is reasonable and necessary for the proposed use, the term and other conditions of the water right, and to ensure that reasonable diligence will be used to avoid waste and achieve water conservation." 29 The conservation plan submitted with a permit application is to include data and information that "supports the applicant's proposed use of water with consideration of the water conservation goals of the water conservation plan; evaluates conservation as an alternative to the proposed appropriation; and evaluates other feasible alternatives to new water development, including but not limited to, waste prevention, recycling and reuse, water transfer and marketing, reservoir system operations, and optimum water management practices and procedures." 30 The regulations specifically place the burden of proof on the applicant to demonstrate that the requested amount of water to be appropriated is "necessary and reasonable" for the proposed use.
Applications for surface water permits that include an interbasin transfer are subject to more stringent water conservation requirements. By state law, the entity seeking an interbasin transfer of water must demonstrate that it has implemented "the highest practicable level of water conservation and efficiency achievable."
The precise extent to which these requirements are being fully implemented in the permitting process is beyond the scope of this study. However, there is some evidence to suggest that the review of water conservation plans as part of a permit application is not rigorous, especially if the permit is not subject to a contested hearing process.
Applicants for surface water rights are required to show how they will achieve water conservation .
Drought contingency measures
this report focuses only on water conservation-increasing water use efficiencyunder normal precipitation and water availability conditions. it does not deal with "drought contingency," which is treated separately under texas law and water planning protocols. drought contingency planning is required of major surface water users and entails the establishment of more aggressive short-term water-saving measures that would be enacted during times of serious or severe drought. example drought contingency measures include limitations on filling outdoor water features or restrictions on car washing facilities.
For example, the "boilerplate" permit condition on water conservation included in most new surface water permits reads as follows:
Owner shall implement water conservation plans that provide for the utilization of those practices, techniques, and technologies that reduce or maintain the consumption of water, prevent or reduce the loss or waste of water, maintain or improve the efficiency in the use of water, increase the recycling and reuse of water, or prevent the pollution of water, so that a water supply is made available for future or alternative uses.
The use of "or" versus "and" in the list of measures means that a small action to reduce water pollution could theoretically be adequate to meet conservation obligations. In addition, the use of the word "maintain" detracts from emphasis on increased efficiency. Thus, the standard permit provision fails to impose any enforceable requirement for improved water use efficiency.
Senate Bill 1 also created the Water Conservation Implementation Task Force, which included representatives from a wide variety of stakeholder groups. The group was tasked with developing a guide to best management practices for water conservation. This completed guide includes specific goals for municipal water conservation and water efficiency. 31 The Task Force recommended a statewide average goal of 140 gallons per person per day or less for all municipal water user groups. The Task Force recommended that any entity using above that amount should strive for a minimum of a 1% per year reduction until that goal is obtained. 32 The most recent amendment to these requirements was Senate Bill 3 (SB 3) in 2007. SB 3 expanded the conservation plan requirements to include all retail public utilities that provide potable water service to 3,300 or more connections. Plans are to include best management practices 33 or other water conservation strategies. The next revision of the municipal conservation plans must be submitted to the TCEQ no later than May 1, 2009 , to coincide with the regional water planning process. As discussed below, Water Conservation Implementation Reports must also be submitted by that time. Plans are to be updated every five years thereafter. 34 Senate Bill 3 also required that the water conservation plans be submitted to TWDB for review. 35 The specific requirements of water conservation plans have been set out in regulations adopted by TCEQ. 36 Among other things, all municipal users must include local information such as number of users and current water use. They must also provide their five-and 10-year per capita goals as well as discuss how those goals will be achieved. Accurate metering devices and line inspections are required to minimize leakage and maximize accountability of water use. Additional content is prescribed for municipalities serving a current or projected population of 5,000 or more users.
The 2009 and subsequent water conservation plan submittals must be accompanied by an implementation report. The purpose of an implementation report is to assess which of the proposed measures from the 2005 conservation plan have been executed. The report must include the date and description of implemented measures, the amount of water saved, whether or not targets were met and an explanation of any unmet targets.
In addition, the municipality is required to demonstrate how its plan will be implemented and enforced. 37 The city may submit a copy of an ordinance, resolution or tariff that demonstrates adoption of the plan by the water supplier. Cities have complied with this requirement in various ways, ranging from adoption of the full plan within the ordinance to an enumeration of specific projects in a city ordinance or comparable enforceable measure. Both TCEQ and TWDB have developed guidance for those required to prepare and submit water conservation plans. The TCEQ has a series of forms for municipal, wholesale, industrial and agricultural water users. These forms list the minimum requirements for a conservation plan. Although most submittals made to the TCEQ include information beyond that required by the form, some municipalities have simply submitted the completed form as their conservation plan. TCEQ's guidance does not differentiate plan requirements based on the size of the city. Thus a large municipality, with more resources, is subject to the same requirements as a small city with fewer resources available for conservation plan development and implementation.
TWDB has also developed a plan guidance checklist. Water conservation plans are evaluated by the TWDB as part of a financial assistance program for regional water programs and for water research grants, and also on a routine basis pursuant to Sec. 16 .402 of the Water Code. 38 One of the criteria that must be met for grant or loan consideration is the submission of an adequate conservation plan and an evidenced commitment to water conservation. 39 The checklist closely tracks the statutory requirements of a conservation plan. (Appendix A).
Evaluating municipal conservation plans
In light of the municipal water conservation plan requirements added to Texas law in recent years and the increasing emphasis on water conservation to meet growing demand, Environmental Defense Fund set out to evaluate a representative sample of year 2005 plans (the most recent year for which plans are required). We examined the plans of 18 cities, including Texas' 10 largest cities, most of the Dallas-Fort Worth metroplex and a sampling of midsize cities. We developed a matrix for evaluating the plan that included a look at per capita consumption targets and pricing and nonpricing water conservation measures.
The evaluation matrix and full results are presented in Appendices B and C to this report. This section highlights a few of the key findings.
Overall, we found that the plans selected represented a wide range of approaches to conservation. Some of the plans contained a wide variety of price and nonprice measures; others were little more than a repetition of the TCEQ form. Interestingly, the depth of the plans appears to bear little relationship to the size of the city. Some of the smaller cities demonstrated a fairly thorough approach to water conservation, while some of the larger cities submitted relatively bare bones plans. In general, however, we conclude that there is substantial room for improvement in most of the year 2005 plans we reviewed, as explained in more detail below.
PEr CAPITA TArgET goALS
As noted previously, Texas law requires that cities include five-and 10-year targets for water use in their conservation plans. As shown in Table 1 , the five-year gpcd goals in the surveyed plans ranged from 139 to 301 gpcd and the 10-year goals ranged from 116 to 294 gpcd. The cities with the most aggressive targets include San Antonio, Houston and El Paso, while Plano, Waco and Dallas still project very high use even under their 10-year goals. Of all the cities reviewed, only three had a 10-year goal of 140 gpcd or less.
Many of the plans reflected the TWDB conservation Task Force's recommendation of achieving a minimum 1% reduction per year. However, this recommendation also included a goal of reaching a statewide average of 140 gpcd, which most of the cities surveyed will not have achieved after 10 years.
Some cities did not use the most straightforward approach in calculating conservation goals. Arlington, for example, based its projected five-and 10-year goals on TWDB Regional Water Planning Group projections, which results in a five-year goal that is 30 gpcd higher than the city's current reported per capita use. Several of all the cities reviewed, only three had a goal of 140 gpcd or less . Many of the projected five-and 10-year per capita use rates in the cities in the Dallas-Fort Worth (DFW) Metroplex are higher than those of the other cities reviewed here. Concurrently, the 2007 state water plan projects that the DFW Metroplex is one of the areas that is likely to experience "shortages" in 2050 and beyond. This situation highlights the need for continued focus on advanced conservation implementation in the DFW region.
PrICINg STrUCTUrES
Another required element of a conservation program is to implement a "nonpromotional" rate structure. This is described as a "rate structure which is cost-based and which does not encourage the excessive use of water." 41 All but one of the cities surveyed have implemented a rate structure that adheres to this requirement, but few of these pricing structures appear to be effective in promoting advanced water conservation. As shown in Table 2 , most of the cities surveyed have adopted an increasing block structure. Using this rate design, the unit price for water increases as the volume consumed increases. Pricing is set for each "block" of water use. A base price is set for a minimum quantity of water, which is followed by a staircase of block quantities available at increasing prices per unit of water used. Tyler was the only city of those evaluated to still have a promotional rate
Calculating per capita use
Municipal use in gallons per capita per day is defined by tCeQ as " [t]he total average daily amount of water diverted or pumped for treatment for potable use by a public water supply system. the calculation is made by dividing the water diverted or pumped for treatment for potable use by population served. . . ." however, all cities do not calculate daily use the same way. Some cities present a separate figure for residential use, which can underestimate the actual gpcd in comparison to the tCeQ definition used by other cities. because formulas can vary, conflicts have arisen about comparing gpcd rates among cities. this points to the need for tCeQ to ensure that cities follow the definition laid out in its rules for calculating overall municipal gpcd, even if the plans also include residentialonly gpcd. if one city cannot accurately be compared to another, a city can be compared to itself over the years to successfully measure reductions.
structure in which water becomes less expensive per unit as more water is used. Although the 2005 plan indicates that Tyler will consider a conservation rate structure, none appears to have been adopted.
The size of the blocks and other factors in the pricing approaches of the surveyed cities vary considerably, however, as illustrated in Table 3 . The first area of difference is the size of the initial block, which ranges from 1,000 to 15,000 gallons per month, with 2,000 to 3,000 gallons per month being the most common base quantity of water.
Prices for the base amount also showed wide variation, ranging from $0.80 to $13.79 for the first 1,000 gallons, although the high-end value includes the cost of the meter rolled into the first water block.
Whereas most of the rate structures are in effect throughout the year, Carrollton and Denton opted to have the increasing block rate apply only during May through October. The other months have a price per 1,000 gallons for any quantity used. Lubbock and El Paso tie the base quantity to some percentage above average winter consumption. This can be an effective measure, assuming residents are not overusing water during the winter months; however, beyond potentially targeting outdoor use, this type of program does not necessarily promote conservation for other household uses of water. Another area of difference is found in the subsequent blocks and their pricing (Table 3) . Some cities chose multiple tiers with significant price increases while others opted for large secondary blocks. Houston increases its price every 1,000 gallons for the first 6,000 gallons. Comparatively, Corpus Christi's second block ranges from 2,000 to 15,000 gallons, charging the same price for every thousand gallons. Denton's second tier ranges from 15,000 to 30,000 gallons without a price change. Although Beaumont technically has an increasing block rate structure, it consists of only two blocks. The first is for 1,000 gallons and the second is anything above 1,000 gallons, at a constant price of $2.64 per 1,000 gallons. Plano, although starting with a high initial charge of $13.79, which includes the first 1,000 gallons and the meter, charges only $0.32 per 1,000 gallons up to 5,000 gallons.
Beyond these differences, some of the municipal conservation pricing structures are not likely to be very effective in promoting reduced water use and increased efficiency because they do not increase the price per unit of water used beyond a use rate of 15,000 or 20,000 gallons per month. Thus, a household using more than 20,000 gallons per month pays the same price per unit of water used, whether their total monthly consumption is 30,000 or 60,000 gallons.
Cities in this category include Arlington, Austin, Beaumont, Carrollton, Dallas, Garland, Irving and Plano. Considering an average 160 gpcd (and many cities are higher) for a family of four, monthly water use would be about 19,200 gallons. Thus, for pricing structures that do not have increasing the per unit prices above an average monthly use quantity of 20,000 gallons, there is no financial incentive to reduce use because the price per unit of water used above 20,000 is the same. A more effective Most municipal price plans reviewed do not appear to offer strong conservation incentives .
conservation-pricing ordinance would have steep price increases (and small blocks) on use that exceeded the average of 20,000 gallons per month. Such a structure would provide greatly increased financial incentive for high-use households to conserve.
NoNPrICINg ProgrAMS
Very few of the cities surveyed have included a full range of nonprice programs to foster conservation. Particularly lacking are incentive and rebate programs for plumbing retrofits, drought-tolerant landscaping or installation of more efficient appliances (Table 3) .
San Antonio, Austin and El Paso have washing machine incentive programs offering customers a $100 rebate with their purchase. Low-flow toilet replacement or rebate programs are available in these same cities, as well as in Dallas. El Paso is actually phasing out its rebate program due to its overwhelming success and extensive placement of toilets. San Antonio also provides a rebate for tankless water heaters. Half of the rebate is provided by the water utility and the other half is from the electric utility.
Because lawn watering is one of the primary municipal water uses, particularly in the summer, strong incentive programs for use of native plants could result in significant water savings. Although the majority of the cities surveyed have adopted landscape-watering ordinances, considerably fewer cities offer an incentive program for replacing traditional lawns with drought-resistant plants. Only Austin, El Paso and San Antonio offer rebates for replacement of non-native turf with drought-resistant turf or plants. A couple of other cities, including Dallas, have programs for sprinkler audits and replacements. While this is important, maintaining landscapes with high water requirements does not maximize conservation.
The energy-water nexus
A frequently overlooked conservation opportunity is the link between water and energy. energy use and water use have many intricate connections. the water supply sector utilizes large amounts of energy to transport, treat and deliver water. Similarly, vast quantities of water are required for resource extraction as well as power generation. As energy and water shortages become growing concerns, the importance of joint planning becomes more apparent, with crosscutting opportunities for energy savings to yield water savings, and water savings to yield energy savings. A recent study in California revealed that water-related energy use for supply and treatment consumes 19% of the state's electricity, 30% of its natural gas and 88 billion gallons of diesel fuel every year. texas has a similar need to understand more about the nexus of energy and water in order to identify opportunities to save in both sectors.
Many of the cities surveyed provide educational programs on xeriscaping; however, monetary incentives give additional motivation for people to make the necessary landscape changes.
By law, a program of continuing education must be included in a water conservation plan, and all the cities surveyed described some form or another of promoting public awareness. The major variation in this category was between cities that sought to distribute information and those that simply provided access at limited locations. Although active distribution might be slightly more expensive, it is likely to reach a much wider audience. Almost all the cities surveyed include bill inserts as part of their education plan. Some cities provide these monthly, whereas others limit distribution to twice a year. In addition to inserts, San Antonio formats water bills to educate users about trends in their monthly water use and the comparison of their use to the average.
Policy recommendations
Improving municipal water use efficiency is absolutely critical to meeting the needs of an increasingly urbanized and growing Texas. Municipal use will account for an ever-larger share of Texas' overall water use. The increasing costs of infrastructure construction and energy, and the prospect of much less certain precipitation patterns as the result of climate change are additional forces of change that can only be met through advanced municipal water conservation. In order to achieve the level of water use efficiency necessary for a sustainable 21st century, Texas will require action on a variety of fronts: state, community and individual.
Our recommendations for action in each of these areas follows:
STATE
State law now contains strong requirements for existing water right holders and surface water permit applicants, including cities, to prepare conservation plans.
The challenge now is to ensure that TCEQ and TWDB aggressively and effectively implement these requirements by conducting a substantive review of plans submitted, including the updated plans due in 2009 and those accompanying major surface water appropriation permit requests. This review should go beyond a perfunctory "boxes checked" level of scrutiny. Instead, it should include evaluation of whether the cities have included reasonable five-and 10-year gpcd targets and whether those targets were calculated in accordance with TCEQ rules. It should also include a substantive review of the efficacy of the water pricing ordinances contained in the plan, as well as whether the city has included a sufficient range of effective nonprice measures.
Clearly, this will require more staff time from TCEQ and TWDB, but there are few natural resource issues with higher priority for the state. TCEQ should evaluate whether it can focus existing staff in its "compliance assistance" and local government outreach programs on helping cities develop strong water conservation plans. There is substantial information already available on effective water conservation measures, including the "best management practice" recommendations of the state's own Water Conservation Implementation Task Force. It is really a matter of the state agencies making sure that cities have access to and use that information in developing their conservation plans.
In addition, TCEQ needs to ensure that it provides a thorough substantive review of the conservation plans required to be submitted with applications for new and amended surface water rights permits. This should be much more than a pro forma review of the plan, and should apply the substantive statutory test of whether existing supplies are being used efficiently and whether there is a need for the requested approImproving municipal water use efficiency is critical for Texas .
priation. 42 It is also vital that TCEQ vigorously apply the "highest practicable level of water conservation and efficiency" test to those applying to transfer water from another basin. TCEQ should also revise the boilerplate surface water rights permit condition on water conservation to make it more accurately reflects statutory requirements.
The agencies should also improve their model conservation plans and checklists and tailor them to different size cities vs. using a one-size-fits-all approach.
MUNICIPALITIES
Our review of the various municipal water conservation plans discussed in this report indicates that although progress is being made, there remain several important areas for improvement.
First, municipal plans should contain ambitious five-and 10-year target gpcd goals. Simply using the minimum recommended reduction of 1% per year is not sufficient, especially if a city's current use is far above the recommended 140 gpcd. The Water Conservation Implementation Task Force explicitly stated that the 1% reduction was a "minimum" and noted that the state's goal is a statewide average of 140 gpcd.
One of the best tools for reaching an aggressive gpcd goal is the use of conservation-based water rate pricing structures. A combination of affordable base pricing for a reasonable minimum quantity of water and several subsequent blocks at rapidly ascending per unit rates will allow a city to protect small and efficient water users while providing obvious financial incentives to large users to improve their efficiency and reduce use. Our review indicates that among the cities reviewed, several should reassess their block structure to ensure they are, in fact, effectively providing use reduction incentives for large users. Water rate structures that fail to provide for an increasing block rate at levels above average household use will not be fully effective.
Some cities, such as San Antonio, have also shown that proper pricing programs can help pay for implementation of effective nonprice conservation measures. This approach should be more widely adopted.
Our review also indicates that there is much room for cities to expand the use of nonprice incentive programs, particularly those that encourage the replacement of water-intensive lawns with drought-resistant turf or plants. Toilet replacement programs can also have a significant impact in overall use since toilets account for some of the largest indoor water use. Appliance rebate programs, such as those replacing water-intensive washing machines and traditional water heaters with more efficient models, offer the added benefit of saving energy and water. Rebates for appliances with dual benefits can be shared between energy and water utilities to defray costs.
Municipal conservation plans should also have a strong educational component. Informational material needs to be actively distributed, as opposed to simply being made available in limited locations. Bill inserts are an excellent tool for regular educational information about water conservation and available rebate programs. Bill format can also act as an educational tool. For example, SAWS graphically shows monthly usage in comparison to previous months and to the average user, raising awareness of water use on a regular basis. 43 Another program that has not yet been utilized by Texas cities is the use of household meters that give users a detailed, real-time accounting of water use and associated costs. This could be modeled after similar programs for electric metering. 44 Linked with the Internet, customers could make the decision to conserve and see immediate results.
rESIDENTS AND BUSINESSES
The full participation of Texas residents and businesses will be needed to achieve advanced levels of water conservation. Residents and businesses need to take advantage of municipal rebate programs, as well as monitor their own water use, try to improve efficiency and reduce waste wherever possible. In addition, residents and businesses need to get involved in municipal water conservation planning, working with their city water utility and local elected officials to ensure the city's plan has aggressive targets and incorporates advanced conservation measures.
As a number of Texas cities have shown, reducing municipal water use saves taxpayer money, even as it helps to extend our water supplies for future growth, while protecting the beautiful rivers and streams of this state for fish, wildlife and recreation.
Appendices
.
A means of implementation and enforcement which shall be evidenced by adoption of the plan:
• a copy of the ordinance, resolution, or tariff indicating official adoption of the water conservation plan by the applicant and
• a description of the authority by which the applicant will implement and enforce the conservation plan.
If the Applicant will utilize the project financed by the TWDB to furnish water or wastewater services to another supplying entity that in turn will furnish the water or wastewater services to the ultimate consumer, the requirements for the water conservation plan also pertain to these supplier entities. These requirements may be met either through contractual agreements between the parties providing for establishment of a water conservation plan, which shall be included in the contract at the earliest of the original execution, renewal or substantial amendment of that contract, or by other appropriate measures.
13 . Documentation that the regional water planning group for the service area of the applicant have been notified of the applicant's water conservation plan. Note: The water conservation plan may also include other conservation method or technique that the applicant deems appropriate.
. Adopt the plan .
No plan is complete without formal adoption by the governing body of the entity. For a municipal water system, adoption would be by the city council as an ordinance, or a resolution by an entity's board of directors.
. reporting requirement:
Identify who will be responsible for preparing the annual report. Loan/Grant Recipients must maintain an approved water conservation program in effect until all financial obligations to the state have been discharged and shall report annually to the executive administrator of the TWDB on the implementation and status of required water conservation programs for at least three years after the date of loan/grant closing. If the executive administrator determines that the water conservation program is not in compliance with the approved water conservation plan, the political subdivisions shall continue to supply annual reports beyond the three years until the executive administrator determines that deficiencies in the plan have been resolved. 
